, difference in abduction and scapular elevation were significantly correlated with age , for the difference in abduction ( r = -0.4 , p = 0.0029 ) and for the difference in scapular elevation ( r = -0.4 , p = 0.0045 
INTRODUCTION
The prevalence of shoulder contracture and osseous deformity in birth palsy is high. [1] . Normal shoulder function is dependent on osteocartilaginous elements, joint capsule, muscles, and central nervous system factors [2] . Muscular imbalance, Cross-innervation, and Growth are the three main causes of shoulder deformity due to birth palsy [3] . The muscular imbalance results in joint malpositioning that will produce osseous deformities of the shoulder which are aggravated by growth [4] . The Heuter-Volkmann law confirmed that the growth plate is responsive to an applied load. After residual brachial plexus birth palsy, the constant position of medial rotation prevents a balanced range of motion and focuses the glenohumeral load over a limited surface area. This stress along the posterior glenoid hinder normal glenohumeral maturation, increase progressive glenohumeral dysplasia, and promotes humeral head subluxation [5] . The severe trauma that results in significant brachial plexus avulsions and epiphysiolysis of the humeral head would result in a lesion in the periarticular muscles of the shoulder. Muscles contractures may occur with growth in patients with internal rotation contractures of the shoulder [6] . Medial rotation contracture applies posteriorly displacing forces on the humeral head, so the normal glenoid is deformed either by erosion or inhibited development [7] (Fig. 1 ) [8] . [8] .
Figure1. (A): Glenohumeral ligaments and its relation to rotator cuff muscles; (B) Rotator Cuff Muscle, front and back view of shoulder girdle
Shoulder dislocation in birth palsy can be induced by muscle imbalance, and to flattening of the humeral head [10] . Cross innervation results in co-contractions of the synergistic and antagonistic muscles [3] , muscle co-contractions may occurs after both spontaneous and postoperative nerve regeneration in proximal brachial plexus lesions because aberrant nerval re-innervation at the site of lesion, or repair [11] .Co-contraction between shoulder abductors and adductors will produce limitation of shoulder elevation and shoulder adduction contracture (or internal rotation) will develop. In co-contraction between elbow flexors and shoulder abductors, in elevated hand to mouth movement, the shoulder will be involuntarily elevated, as in blowing a trumpet (so called the "trumpet sign"), if severe cross-innervation present , the arm to body angle is less than 40 degrees, mild cross-innervation is present; if the angle is more than 80 degrees. In birth palsy with an internal rotation contracture of the shoulder; the (trumpet sign) is a necessary compensatory mechanism to reach one's mouth [2] .
Elbow flexion leads to striking of the lower arm against the thorax, so the hand could not, or could with only simultaneous elevation of the shoulder, be brought up to the mouth [12] . The residual deformities in the brachial plexus palsy are classic and consist of discrepancy of bone growth in the affected side, the clavicle and the scapula, muscular imbalance around the shoulder region and co-contractions of antagonistic muscles. The combination of all the above mentioned residuals of brachial plexus palsy result in the upward and lateral fixation of the scapula [13] . The extension and elevation of the scapula above the clavicle is termed the SHEAR (scapular hypoplasia, elevation, and rotation) deformity, a functional and aesthetic deformity, it is the most obvious deformity and parents may seek surgical correction. Medial rotation contracture (MRC) is an internal rotation contracture produced by a constant downward pressure induced by the acromion on the humeral head. In a normal shoulder girdle at rest, the acromion does not articulate with the humeral head, in (MRC), one of the major bony deformities is the SHEAR deformity which is the cause of tilting of the acromioclavicular joint from a neutral position, which leads to displacing the humeral head from the glenoid fossa [13] . Birch's Classification System: Four stages of deformity are recognized: medial rotation contracture, posterior subluxation, posterior dislocation, and complex subluxationdislocation [14] with increasing severity as a result of a medial rotation deformity, Description as follows: coracoid overgrowth, restriction of passive lateral rotation by 30-40 degrees so deformity medial rotation contracture. Passive lateral rotation is restricted to about 10 degrees, head of humerus is prominent to palpation and no secondary deformities of the acromion, the coracoid or the glenoid so deformity posterior subluxation (simple). The head of humerus can be seen and palpated behind the glenoid + fixed MRC fixed flexion pronation deformity of forearm so deformity posterior dislocation (simple). Diminished compensatory thoracoscapular movement, painful shoulder, and extremely poor shoulder function in complex subluxation the articulation is between the humeral head and the false glenoid so deformity complex subluxationdislocation [3] . Physical Examination: the most important clinical sign in the group of patients with medial rotation contracture with joint deformity and posterior subluxation or dislocation is the (scapular sign of Putti) which is the elevation of the upper corner of the scapula when the shoulder is passively adducted and externally rotated with the elbow in 90 degrees of flexion, produced by posterior subluxation and contracture of the upper fibers of the subscapularis muscle [15] . The clinical sign of shoulder dislocation is loss of external rotation [16] . Two specific measurements are noticed in patients with internal rotation deformity with posterior dislocation of the humeral head [17] . The inferior glenohumeral angle: In the normal shoulder, it is at least 150 degrees, in birth palsy, contracture of the inferior capsule, the latissimusdorsi and the teres major muscles is so tight that the active and passive angle is decreased to about 30-40 degrees. Weakness of the shoulder abductor muscles is assisted by substantial discrepancy between the passive and active ranges. [18] .
The posterior glenohumeral contracture: normal value is 70 degrees, whilst in sever contracture it may be decreased to 0 degree [17] . The scapular elevation is developed both by adductionexternal rotation (Putti's sign) and adductioninternal rotation (Zancolli's sign) [6] .Pure abduction deformity is manifested by marked scapular elevation which is obtained by passive adduction of the humerus, severe functional disability may result due to the inability to adduct the arm [6] . The Modified Mallet scoring System (Fig. 2 ) [18] : will evaluate the upper limb with respect to five natural actions: global abduction of the arm, external rotation of the arm, bringing the hand behind the head, touching the hand to the back, and elevating the hand to the mouth [18] .
Radiological Assessment of Shoulder Sequelaein Birth Palsy
For evaluation and classification of shoulder sequelae of birth palsy including plain X-Ray: both shoulders should be examined by anteroposterior and axial radiographs, to identify the changes on the affected side ( Fig. 3 ) [20] ; and CT, 3 D CT to assess the degree of glenoid version (Fig. 4) , to identify dysplasia of the glenoid, and to determine the degree of subluxation of the humeral head and stages of SHEAR deformity [19] . The scapular deformity, SHEAR deformity is measured from the 3D reconstructions of the CT images (Fig. 5, 6 ). [20] .
Figure3.

Surgical Management of Secondary Shoulder Deformities in OBPI
The Mod Quad Procedure improves shoulder abduction and flexion. Release of major internal rotator muscles: subscapularis, teres major, latissimusdorsi, pectoralis major and minor. Teres major and latissimusdorsi are transferred to the teres minor, increasing abduction, external rotation and scapular stability. Neurolysis and decompression of the axillary nerve further increase range of motion [21] . The triangle tilt surgery is a bony surgical procedure that detaches the distal acromioclavicular triangle ("ACT", with its sides defined by the clavicular shaft and the acromion process and an imaginary line connecting their medial ends its base)-humeral head complex from the abnormally positioned scapula; subsequent reversal of the anterior tilt of the ACT then would allow a natural rotation of the humeral head back into a more neutral position within the glenoid fossa. This procedure differs from more conventional approaches (axillary nerve decompressions, tendon transfers, and external rotation osteotomy of the humerus) in that it addresses and corrects the scapular hypoplasia, elevation and external rotation (SHEAR) deformity associated with typical OBPI cases [22] .
Between 1997 and 2004 Nath et al. [23] performed the Mod Quad operation on 98 patients with obstetric brachial plexus injury and persistent internal rotation deformity. Between February and August 2005, Nath et al. [24] performed the triangle tilt procedure on 40 patients. Triangle Tilt (TT) surgery should be preceded by Mod Quad surgery in cases with weak abduction and doesn't increase abduction if done alone [24] . Triangle tilt is ideally developed for patients who have suffered a medial rotation contracture and scapular elevation; the surgery is significant in the presence of complete glenohumeral dislocations mild, moderate and severe neurological defects and as salvage for failed previous reconstructive surgeries [25] . The TT procedure is an effective treatment option for children and can be used for adolescents without modification. The repositioning of the humeral head into the glenoid fossa, in a more anatomic reduction which induce normal the humeral head and glenoid remodeling. Triangle tilt surgery is effective in the treatment of bony deformations that occur during childhood because it directly addresses it ( Figure 7 ) [22] .
Figure7. Artist's rendering of acromioclavicular interface before (left); and after (right) triangle tilt surgery [13] .
PATIENT AND METHODS
Between 2013 and 2016, 34 patients suffering from obstetrical brachial plexus palsy (OBPP) with medial rotation contracture and defective shoulder abduction with posterior dislocation or subluxation of the humeral head and SHEAR deformity grade (2-4). Clinical evaluation : preoperative and postoperative depending their ability to do movement using a modified Mallet scale were scored on a scale of 1-5 with 1 being sever affected and 5 being normal the overall Mallet score ( 5-25 ) in based on 5 movement ( abduction , external rotation , hand to mouth , hand to neck and hand to spine) . These patients were treated with one step shoulder soft tissue release (subscapularis and anterior soft tissues release) with or without tendon transfer (latissimusdorsi&teres major to teres minor) and triangle tilt procedure and 13 patients were females and 21 were males. The age at surgery ranged from (3.4 years) to (9 years). According to age at surgery we divide cases into two groups : First group ( <4 years) number of cases ( 9 ) ( 25% ) ( range 3.4 -4 years ) mean age ( 3.6 years) and second group ( ≥ 4 years) Number of cases ( 25 ) ( 22 ) ( 64.7 % ) . All cases 34 were suffering from medial rotation contracture, 9 cases (26.5%) were dislocated and 25 cases (73.5%) were subluxated and (34) SHEAR deformity. The follow up duration ranged from (12 to 48 months) with mean of (31.2) months. First group < 4 years : 9 cases came with medial rotational deformity, abnormal contour (asymmetry) suspecting shoulder deformity subluxation or dislocation the head fullness in the posterior part of the shoulder that is created by the prominence of the humeral head by comparison with the uninvolved side. Short arm and SHEAR Scapula grade (2 -3). Second group ≥ 4 years: 25 cases came with medial rotational deformity, abnormal contour (asymmetry) suspecting shoulder subluxation or posterior dislocation, short limb is evident in all cases, with flexion deformity the elbow and the scapula is small , elevated , and rotated. SHEAR Scapula grade 2 -4 (Fig. 8) ; (Table 2 ). 
One Step Shoulder Soft Tissues Reconstruction and Surgery Treatment of Triangle Tilt of Glenoid Due to Sequlae of Brachial Plexus BirthPalsy
Degree of shoulder abduction and external rotation were recorded preoperatively. Test of the external rotation of the shoulder was done with shoulder adducted 90 degrees and elbow flexed 90 degrees indicate subscapularis is tight and test of the external rotation with abduction 90 o indicate pectoralis major is contracted.
Radiological preoperative (x ray , CT and 3D CT ) for ( 34 ) cases ( percentage of humeral head anterior ( PHHA ) , glenoid version , scapular elevation and grade of SHEAR deformity ). Assess SHEAR deformity: referred as scapular elevation, the anterior view of the 3D reconstruction was used to measure the area over the clavicle through a universal desktop ruler and were recorded preoperative.
METHODS
The operations were done to alleviate secondary deformities, to relocate the dislocated glenohumeral joint, enhance shoulder abduction and external rotation and to correct of SHEAR deformity arising from incomplete recovery following nonsurgical management or residual deformities following primary reconstruction.
(Shoulder soft tissue release):-In our study 34 cases (100%) had performed anterior soft tissue release, release the subscapularis tendon near its insertion at the lesser tuberosity. In subluxation cases avoid injury of the anterior capsule to prevent anterior instability of the shoulder and decrease adhesion. In dislocation cases the capsule and the subscapularis tendon were blended with each other and the subscapularis tendon and the capsule were divided to the extent necessary to allow satisfactory reduction of the humeral head, now test the degree of external rotation in adduction and abduction, residual internal rotation deformity may be present due to contracture of pectoralis major tendon and /or conjoint tendon, doing z-plasty of the pectoralis major and /or release of the conjoint tendon.
The reduction was easily accomplished by external rotation of the arm. Posterior shoulder approach (Tendon transfer): with ( 60-900 ) shoulder abduction (adequate power of the deltoid) with weak ( < 200 ) external rotation either active or passive , ( 14 ) patient there is an indication for teres major and latissimusdorsi transfer to teres minor to improve abduction and external rotation and stabilize scapula . In our study, there are 14 cases (41.2%) were subjected to tendon transfer, anterior shoulder release and triangle tilt procedure. The triangle tilt procedure began with an incision along the medial edge of the superomedial border of the scapula. Soft tissue was dissected from the scapula and the prominent superomedial angle of the scapula was excised with a bone cutter to create a rounded surface. An incision was made over the spine of the scapula and soft tissue dissection exposed the scapular spine, which was cut with an osteotome at base of acromion with scapular spine.
The scapula and the acromion process derotated after osteotomy, indicating preoperative twisting and internal rotation caused by the elevated scapula. Intraoperative X-ray was done with every osteotomy step to evaluate intraoperative reduction of shoulder joint and neutral tilt of ACT (Fig. 9 ). An incision was made over the distal third of the clavicle and the soft tissue was dissected to expose the clavicle. Osteotomy of the clavicle was performed lateral third and medial 2/3 third with an osteotome and in contrast with the original procedure it was in step fashion and the distal and proximal clavicle segments were fastened together in semi rigid fixation with delayed absorbable sutures alone without using screws. The clavicle segments were noted to "twist" relative to each other after the osteotomy, indicating torsion in the clavicle due to scapular elevation. The bone removed during superomedial angle of scapular osteotomy was morcellizedand placed in the bone defect between the scapular spine and the acromion process and at clavicular osteotomy (Fig. 10 ).
Figure9. Intraoperative C ARM X-ray.
One Step Shoulder Soft Tissues Reconstruction and Surgery Treatment of Triangle Tilt of Glenoid Due to Sequlae of Brachial Plexus BirthPalsy
Figure10. Anterior capsule release and subscapularis tendon recession and Scapular osteotomy: A) Skin incision; B) tendon recession; C) Osteotomy of the base of the acromion , D) Clavicular osteotomy, Simi rigid fixation and grafting using morcellized bone from the scapular angle; E) closing the wound; F) postoperative cast
POSTOPERATIVE CARE AND PHYSIO-THERAPY
On table perform shoulder cast (30 degrees) adduction, (full) external rotation, and (full) forearm supination, is removed at 6 weeks. Early therapy target at this time is to increase AROM to shoulder flexion/abduction and elbow flexion. Abduction, external rotation fabricated brace is used as night splint for 3 months. At weeks 8 to 12 continue with progressive AROM activities. Constraint-induced therapy is recommended with attention paid to maintaining alignment. All compensatory movements to be discouraged such as hiking the hip, twisting or bending body backward. At weeks 12 we examine alignment of the scapula on the rib cage and alignment, strength and mobility of the gleno-humeral joint, strengthening of the scapular stabilizers to promote scapulo-humeral rhythm. Therapy protocol after our procedure generally begins with a frequency of twice weekly but should be modified on a case by case basis, physiotherapy is recommended for at least 6 months following our study. Pool therapy is recommended after 6 months in the rest follow up time.
RESULTS
The results of 34 cases are followed up for ranged from (12-48) months mean follow up (31.2) with continuous and intermittent physiotherapy. All cases showed improvement with different and variable degrees using modified Mallet scoring for assessment of their values.
First group <4years: 9 cases, mean age (3.6 year), mean follow up (30 months) with recovered plexuses. These cases showed improvements the medial rotational deformity; all cases with abnormal contour (asymmetry) of shoulder deformity (posterior dislocation of the head) become normal clinically, shortening was not clear in this group of patients, no bony prominence and scapula nearly of normal size, the mean improvement of shoulder abduction was (76.4) degrees, the mean improvement of shoulder external rotation was (70.1) degrees.
Second group ( ≥ 4 years ) : 25 cases , mean age (6.1 years) , mean follow up (31.3 months) showed improvement of the medial rotational deformity. Abnormal contour (asymmetry) of shoulder deformity (posterior dislocation) showed improvement clinically.
All cases with clinical shortening were clear to be improved in all cases in relation to normal side. Anteriorly, the coracoid process and clavicle start to remodel , posteriorly, the head was not palpated in cases of posterior dislocation , the scapula was improved in level and position, the acromion starts to remodel and improved bending. Preoperative Abd. Range (degrees) < 4 years (60-100) and Ext. rot. Range degree (-40-0), Preoperative Abd. Range (degrees) < 4 years (70-100) and Ext. rot. Range degree (-45 -20 The mean aggregate Mallet score improved from (11.2) points (range 7 to 14 points) preoperatively to 19.7 points (range 15 to 24 points) postoperatively mean difference (8.5) p value 0.0001 (Table 7) . Each element of the modified Mallet classification (global abduction improved from ( 2.6 -4.2 ), global external rotation improved from ( 2.4 -3.8 ) , hand-to-neck motion improved from ( 2.7 -4. 
Radiological Results
Follow up ( X ray , CT and 3 D CT) of both shoulders was done in all patients of different age groups to detect union of clavicular and acromion osteotomy and measure glenoid version, percentage of the humeral head anterior (PHHA) and scapular elevation. The relationship between age at surgery and CT changes, show that the younger the age at surgery, the better is the degree of (PHHA), version of the glenoid and scapular elevation) (Figures 13-18 ). The development of the glenohumeral joint was characterized by the amount of glenoid version and the degree of (PHHA) in relation to the axis of the scapular spine (Tables 8-10 ). Prior to soft tissue release the tendon transfer and TT surgery, the mean glenoid version of the affected shoulder was (17.2) (range, -60°to -5°) and the mean (PHHA) was ( 
DISCUSSION
The abduction deficit can be managed by shoulder soft tissue procedures including contracture releases, axillary nerve decompression and tendon transfers. While the SHEAR deformity is the cause of medial rotation contracture is more difficult to correct [25] .External rotation osteotomy of the humerus does not correct the primary scapular elevation and rotation but improve the position of the hand and forearm and may help the resting position and active external rotation at the shoulder. Therefore, a bony surgical approach is indicated to correct the deformity, and conceived as a response to the abnormal bony development seen in the SHEAR deformity. The protracted scapula and the abnormal anterior rotation of the clavicle together causes the acromioclavicular plane to tilt forward and thereby lead to the impingement of the acromion upon the humeral head [22] . Triangle Tilt surgery is a more specific operation because it addresses the root cause of the medial rotation [20] . Kirkos et al. ( 1998 ) in brachial plexus birth palsy 22 cases means age 10 years follow up vary years the effect derotation osteotomy of the humerus on global shoulder function with no mean increase in shoulder abduction was 27deg. (range 0-60 deg.), average increase external rotation was 250 (range 5-85 deg.) [26] . Al Qattan (2009) managed 17 patents of OBPI with limited shoulder abduction and external rotaion with mean age 6 years, by derotation osteotomy of the humerus, reexamined to the clinic at a mean of 10 years follow up found surprisingly a significant (p = 0.00 3) decrease in shoulder abduction on long term follow up (the mean shoulder abduction was 135 deg., 146 dg. and 109 deg., measured pre, early post, and late post-operative respectively) [27] .
Wateres et al ( 2006 ) in brachial plexus birth palsy 27 cases the effect derotation osteotomy of the humerus on global shoulder function , means age 7.6 years follow up 3.7 years , Mallet score increased from 13 to 18 ( p = 0.0001 ) mean external rotation at achieved was osteotomy was 640 [28] .
Poyhia et al ( 2011 ) in 13 cases with shoulder sequlae of OBPI relocation of the humeral head in glenoid with mean age ( 8.5 ) with follow up (3.8 ) years resulted in significant improvement in Mallet score 5.5 ( p = 0.003 ) [29] . Nath et al. ( 2010 ) managed 25 cases of complete OBPI resulted in limited shoulder function and examined the results of triangle that surgery on shoulder function and development all patents had undergone modified quad surgery prior to triangle. 25 cases with ( 0.75-12 ) years were followed up clinically for more than 2 years and results were a significant increase in the overall Mallet score from 12 to 14.6 ( 2.6 points , p < 0.0001 ) and improvement in shoulder function , glenoid version and humeral radiological improvement from CT and 3DCT reconstructions study posterior subluxation from 13 % to 30.4 % postoperative ( p < 0.05) and glenoid version from -28 deg. to -16.5 deg. ( p < 0.05 ) there war lesser elevation of the affected scapula from 6.4 % to 2.9 % ( p < 0.05 ) the results showed effective ness of TT sugary bony surgical procedure and outcome in OBP [13] .
Rahul k Nath and Chandra managed (2013) 22 children with medial rotation contracture and scapula deformity secondary to obstetric brachial plexus age ranging from ( 2.1 -11.8 years) , functional movements were evaluated preoperative and 5 years follow up for triangle lilt surgery by modified mallet scale which improved from 14. In our study (34) cases which suffer from medial rotation contracture with shoulder subluxation or dislocation and SHEAR deformity in one step we addressed anterior shoulder release, tendon transfer and TT surgery when our result compared to results of other studies. We found improvement in clinical and radiological results of one step to others procedure of Nath (Mod Quad and TT surgery ) and humeral osteotomy. Advantage of our study is no need to expose the cases to 2 operations so decrease the risk of anesthesia on the cases, and decrease operative time ,it was 2 hour and half at the beginning of the study then reduced to only one hour when we become trained and accustomed for the technique and approach.
We used only ( absorbable ) suture for fixation of clavicular osteotomy without screws so no metal was used in the procedure and make more liability to move the lateral segment and twist the clavicle without loss of bone contact and no cases of non-united clavicular osteotomy and no need for extraction of screws results of shoulder abduction showed significant increase as result of relocation of glenohumeral joint to neutral position and indirect decompression of axillary nerve as anterior shoulder release reduce posterior head subluxation and dislocation and TT procedure make the humeral head in its stable normal true anterior glenoid fossa by tilting the ACT so the humeral head relieved its compression on the axillary nerve so deltoid muscle function in normal pattern.
Each element of the modified Mallet classification (global abduction improved from (2.6 -4.2), global external rotation improved from (2.4 -3.8), hand-to-neck motion improved from (2.7-4.2 ), hand-to-spine motion improved from (1.8 -3.4) and hand-to-mouth motion improved from (1.7-4.1). No patient had deterioration in shoulder function as indicated by their ability to carry out the individual tasks or by the aggregate modified Mallet score. All patients regardless of their age (3.4 -9) showed improvement in all shoulder function, the overall Mallet scores between younger (< 4 years, n = 9) and older ( ≥4 years , n = 25 ) patients with both groups was improved after surgery and difference in abduction and scapular elevation were significantly correlated with age.
CONCLUSION
Statistically significant improvement in shoulder function and radiological outcomes after our study. Muscle releases and tendon transfers may arrest progressive glenohumeral dysplasia and possibly influence some of the long-term effects of joint malalignment and muscle imbalance in younger patients. Humeral osteotomy sometimes provides functional improvements however, it only moderately improves medial rotation contractures in mild to moderate cases and does not improve severe cases, and humeral osteotomy does not address the glenohumeral deformity, which is the major cause of loss shoulder functions in OBPP. The results of triangle tilt improves upper limb function especially shoulder external , hand to mouth and neck so in our study we combined in one step shoulder soft tissues reconstruction and triangle tilt procedure so improvement of shoulder function and development.
